The present report is part of an extended research program investigating the structure, the physico-chemical and the pharmacological properties of a large series of biologically active bis-4-hydroxycoumarin derivatives. Their remarkable anti-HIV, anticoagulant and antioxidant activities were already clearly demonstrated within our previous studies. [1] [2] [3] On the other hand, in the work of Zhao et al., 4 which is to the best of our knowledge the only publication by now related to the title compound, it was particularly indicated as a moderate HIV-1 integrase inhibitor, the potency of which was evaluated in terms of both 3′-processing and integration and expressed as IC50 values. However, its crystal structure was never determined, and its pharmacological potential was not fully explored before, which gave us the opportunity to expand our research also in this direction. Therefore, as a natural continuation of some of our preceding structural investigations 2, [5] [6] [7] [8] [9] [10] aiming to contribute to a deeper understanding about the influence of the substituents in the aromatic phenyl ring on the molecular configuration and conformation of this type of compounds and respectively their properties and activity, here we report on the synthesis and X-ray crystal structure of 4-(bis(4-hydroxy-2-oxo-2H-chromen-3-yl)methyl)benzoic acid (1).
Experimental
Compound 1, the chemical structure of which is shown in Fig. 1 , was synthesized by the reaction of 4-hydroxycoumarin (3.24 g, 0.02 mol) with 4-formylbenzoic acid (1.50 g, 0.01 mol) in ethanol (100 mL) under reflux (16 h Clear colorless plate crystals of 1·THF (C30H24O9) suitable for X-ray structure analysis were obtained by slow solvent evaporation from a solution of compound 1 in tetrahydrofuran (THF)/water mixture. A single crystal (kept at 130 K during data collection) was selected, and the X-ray intensity data were measured on a Bruker X8 APEX II diffractometer (detector distance = 35 mm, time/frame = 15 s, #frames = 408, frame width = 0.5 ) equipped with multilayer monochromator, Mo Kα INCOATEC microfocus sealed tube and Bruker KRYOFLEX II low temperature crystal cooling device. The frame integration was performed by a Narrow Frame algorithm using the Bruker SAINT 11 software package, and the absorption correction was made with SADABS. 12 The structure was solved by direct methods (Charge Flipping algorithm) with SHELXS-2013 13 The structure of 4-(bis(4-hydroxy-2-oxo-2H-chromen-3-yl)methyl)benzoic acid (1) full-matrix least-squares minimization techniques with SHELXL-2013, 13 Olex2 15 and ShelXle 16 refinement packages. Non-hydrogen atoms were refined with anisotropic displacement parameters. Hydrogen atoms were inserted at calculated positions and refined with the riding model, whereas those involved in hydrogen bonds were freely refined. To stabilize disordered THF, one SADI restraint was inserted. The crystal data, the data collection parameters and the structure refinement details are summarized in Table 1 .
Results and Discussion
In contrast to our previous work, 9 where using the positional isomer 2-formylbenzoic acid as the starting material under the same experimental conditions, an unintentional formation of the ethyl ester of the expected bis-4-hydroxycoumarin compound was observed instead; here, only the anticipated free benzoic acid derivative was obtained. This unambiguously demonstrates the importance of the COOH substituent's position in the aromatic phenyl ring on the structure of the final product.
An ORTEP drawing representing the asymmetric unit of 1·THF is shown in Fig. 2 . All bond distances and angles are in the common range. A bond classification is listed in Table 2 , and the bonds are assigned as follows:
Aromatic C 3 -C 3 bonds: C2A-C3A, C4A-C5A, C4A-C9A, C5A-C6A, C6A-C7A, C7A-C8A, C8A-C9A, C9A-C10A, C10A-C2A, C2B-C3B, C4B-C5B, C4B-C9B, C5B-C6B, C6B-C7B, C7B-C8B, C8B-C9B, C9B-C10B, C10B-C2B, C11-C12, C12-C13, C13-C14, C14-C15, C15-C16, C16-C11, C14-C17. Single C 4 -C 3 bonds: C1-C2A, C1-C2B, C1-C11. Single O-C 3 bonds: C10A-O3A, C10B-O3B, C17-O4. Double O-C 3 bonds: C3A-O2A, C3B-O2B, C17-O5. Three different hydrogen bonds exist in the crystal structure of 1; two independent intramolecular C=O···H-O interactions stabilize the molecular configuration/conformation and two identical intermolecular C=O···H-O interactions stabilize the crystal lattice (Fig. 3 and Table 3 ). The donor-acceptor distance range for all bonds is part of the closed interval 2.5 -3.2 Å. Also, the bond angles range is a subset of the closed interval Table 1 Crystal and experimental Symmetry code: (i) 2-x, 2-y, -z. 130 -180 . As a consequence, the hydrogen bonds can be classified as moderate with a bond energy range of 4 -15 kcal/mol. 17 The π-system along O2A C3A C2A C10A C9A C4A and the aromatic phenyl ring C11 C12 C13 C14 C15 C16 are involved in one plane interaction. Details are shown in Fig. 4 .
